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(2) ^mW-l 0-8 8 3 4 9 



[ft 5 ] ft ^Jl 2 ^;IiSic^^Mt@^:g^mi-:^3V^ 

mU^Wi^t LT//i--^/i— =^i;^>^^fflv>^ r ^ ^^115: 

iiBl=^^tcMi^LTfe^^2iSl=t±. ^2^^/w:^'^^r 
L T m 2 ^ ;h>r 6 ^ 1 h L r 



4 w.'^iimm. L r «9 . 4 lai^fim e 
y^^-kx^xm, 3 LT 2 -<>^ h \z,mu 

tfjfS^5^Vi-:/^^trmiJ(^tufG^3ial=g155>tc 

mmv^xh^. 

\z.^ m^^<^^ymim\^xh^w,iM'^^^mm\^x^ 
nm(D9c^\:iMj^^f^\^is:^mKUtmm^f\^x^ <9 . 

mi 2^Vi-:^":^^iB^^n/c^#-?^#L±tfffl(^m9 

tuiami. ^3. ^5:^oJ:t;^|g6iBl=^. mjfS^l. H 
3, ^4. ms. |^7:fei:t>^^8^^/^:/i:. mjfSi^l^;^ 

^tT^tfjiH^sia^^^^^. mmm2. ^4, m 

1 0. Hi l^oJzt/m 2^Vi-:^'^. tutS?5fe^f^M^^ 
tufBI^EE^f&^;^;=^^A^t. MIEB l 43i:t/m 2 
-O-h^. m2:^5i:t/B3#M^^^tufS?5t^^t b/t 

[0 0 0 1 ] 

~^f:L\t.m^x^^wM^m\^^xmR\^n\.mmf^^no 

[0 0 0 2] 



fl::^-^it^'^t^?'c^:^^^ ^ CVD& (Chemical Vapor 

Deposition : <Dm^tmA.X\^^^. 
[0003] Z.(Do^^ mit'f'^^ (T i N) SI^^ 
(Cu) 3^(Di 9?:^^Bl^it^^^^?j'^^S^tiT-{'^«-r 

DMAT) (0^bf^^m^m\Y.^m^. ^e^-^y^V-^x:! 
<SXT^ Cu (h f a c) (tmvs) ^ t^fSic-t- 

[0 0 0 4] 

/do 

[0 0 0 5] rco/c^^. ±5^L/c^ ^^'c^/K^-^^fflV^^S 

7- 9 6 1 6 8#RS) , j[^.Jf:f:;t;';^#t^^gft, i^^l^^f^im 
^ ^ ;5 > b ^ ^ 5 ^ ffi CO 4 (7) jf^J« ^ 0- T 

[0 0 0 6] -(Dx.bf^mm.^tL^^L\i^}i^\z.\x. 

[0 0 0 7] L^i^L. ^(f:>^ofi:m^m^'^\^X%^Wi^ 
J[^.l4t- o -r ^^ ±^4^<07K5> t ^it^ UT^^fe^i^Jf^^TSci- 



^Pf^^l 0- 8 8 3 4 9 



[0 0 0 8] UT^c^O^oT. J^^4^^MtC|^in^-^6r ^ 

'^{z.^:^wMm'i^mm:^^mx^ fj:n.mj^Mmm 

[0 0 0 91 

[0 0 10] ®\H^^mmci^wi^fz:^mxmm\^n\^ 

[0 0 1 1] ®^}t^^^^. m<D}WMX^^:^:^^Wi^'r 

[0 0 12] z<Dm^^:^m^^n. m^cDjwM^i^i^ 
timm(DWM^mt'r^j^M:^^Wi^mm:tx(p^t^< t 
[0 0 13] ®wM:^^^w^mm^mi^'t^fz^(Dmif^ 

[0 0 14] :z(DXo{^. WM:^^:^Wi^mm m'i^m 

[0 0 15] ^fix.(i*^-f. m'i^mm(^^i^±-^'f^<^^ -t 

<9iZ.A.-e^rf^-r6o w(7):itt:iJ:<9. Wi^^W^<n>^^ 
[0 0 16] ^/c. ^^^;OSff^^^;h.Tl§^ ^^(7:> 

[0017] ^'J;^flrj^tO J: 9 t;i+g^^ 

=7^^ )\^(D^^t^w^^^<r>x^t\.\t^ m^^^m-\^'^\^x% 

iwiEE^?§'i4;^>^^t:±. 1 0 k g / c ^^^T'tT^i^iE 



# 



:^t\^Xa. N2 mm) . At irjV-^l^) . He 

[0 0 18] ^/c. ^^f^f^t*. ^/^< 

s.f$:&^t:i(i. m^\tWMh\.XCM (h f a c) 
(tmvs) ^m^^^m'^\^\t. UTTMV S 

[0 0 19] ^fc. m7L\^m:fmmm^}iw^ 

[0 0 2 0] 

Wi(o'm^<D^^m\^-:^'^^xmm^^o ^^xYo^mm^xm^* 

^ f ^ { C7D PI ^ ^ n S t> CO -C ( i 1/ \ 

[0 0 2 1 ] m\\%. z.(Dmn<omM(Dwm<DmMj^^ 
\ o<Dmmz.mt^mmm-f^'mmM^mx^^o 

[0 0 2 2] :L(DW^Pi(D^^J^^^mA^^f\.\l. f^^^ 

\^fzj^mxm^\z--^\^xm<omwL'^r^ o kj^^ 

i^:^Wi^m^. m^(r>WM^M^X^<WMm^'i^n 

^^m^iJ:^Wi^mm.t^M.^x^^^. 

[0 0 2 3] r^Tii. Mte^ife^^i^mi Ofi. Aii^CDK 

y^xm^^th^o 

[0 0 2 4] KJt^'^ 1 1 \t.m 1 1 1 a ^M.^X^ 
M^i 1 ati. ^ilx,H*^[Hl^^>^:/^^->J^'5^T-^>^:7^ 

^^m^'^^^-^fc^i^il/^oT*^!?. P^^^lO-^Pa 

xmi^^f\^^\^&mmmm^^\-^x^^ ^ m'^<D\^mz. 

[0 0 2 5] ^7t, i^J^;^;^^^^^^ 1 3 ti. 7:^co J: 3 
tll^<i:?:^orv^5o ^/^^^i 1 tc. BiiEi^i 7 a 
urj[^^:?y';^«^^M m^^®) 1 3 Bit^mm^tix 

U^r. rcO|^lifil=l 7 a (D^^i^tcm >'^/u:/ 1 9 a 



#r?l¥l 0-8 8 3 4 9 



^j]-\^xWi^^Mz.mV^(OWM^^^^tzM^^X^<W^ 

^f\.tLWMm^m.it'r^m\:.^txmf^^^x\^^^o m 

[0 0 2 6] ft^^a^^gl 3 a ^ 3 IB^ 1 7 

c ^^Lr^f&'t4;^;^^A^2 9;i^^gMLTfcD. L 
r(75||3Idl= 1 7 c (cti. W^S^mi 3 a {c:i£v>:^ 
^3x^/1x^^1 9 c . ||4^^yi-:/i 9 d. US 

[0 0 2 7] ^/c. HS^-^/UZ/'l 9 e ^^5^tffS]^IlJt7:>B3 

lEWi 7 cco^5^t;i, ||7^^/v:/i 9 gi^^gB^^tbfc^ 

Sia^l 7 e ||8^^yl-:7'l 9 Yvt^WM^ntzm^W. 
mi 7 i ttmm,\^X^^. romSlBl^l 7 e^oJ:t/ 

l^eia^i 7 f ti. r^tgtoi^W^ilx^LTfeSI^J4^^H5i 
1 3 b p^(cfp];^i^or#o^rv^6ia^r'fo6o 

• h y ^^/^t^^::^yl^->^^ >^ • ^ (C u (h f a c) ( t 
mv s) ) ^-rSc ll5iBl=l 7et^. J[^.3|S|-MV ^±^f 

ffloiB^r^fe5/ci6. i^i^ij-^^Jf btULfflcolgeiaWi 7 

f tCJt-<T:g< . ^5iBW 1 7 e cD5fei^tiJ^f«i{3i^^ 

1 3 h (DWM\^'^\Z^^^^X\^^t^. Igeiai^l 7 f (D 

9cmt.mM^'^\zm.^f\^x\^^f^^\ ^ti. Ig3iai^i7 
cco. m'i^mwii s a{z.mmvx^^mtit^Mm(7:>9c 

^^;^mA^2 9 t9^6iai^i 7 f {c^m^:^'^^^^m 
[0 0 2 8] ^j.Ai(D. mi. ms. ms^^xim^Mm 

17a. 17c. 1 7 eidXV^l 7 i mi . 

m7:^XXfmSy<yUy'l 9 19 c, 1 
9d. 19e. 1 9 s:^XUl 9 h }WM:^^m^B 
m 1 3 a ^ . WMWU'^^ 1 3 b . :^mAU 

2 9 tX\ J^M^^^W^^l 3^^t LT^g^LTV^ 

So 

[0 0 2 9] —Jf. 1 5 fi. mm^W^^ 15a 

Ui 5 aR-(JM&^il^^:^^^^7^^i 5 hf}^hmi^mm: 
1 3 a {:i^6gBl=i:. r coiB^tc^ft ^ti/c^^y^-y . 
Hi :^oJ:U^||2#^^2 3:^3J:U^2 7 -Ttt^^^^^ 
3 a (c^SlBl^i:. :Ltihnd,m^zmnhti 

fcy</\-y'mx^nf^^tix\^^^o ±^<Dm s ^^^^y 1 9 c 
^^v^m4y</i^y' 1 9 dt^r^ioHsgai^ 1 7 c^^^^i^ 

l£^f§'[4;^;^2^A^l 5 b ^c^r^lfc, H7@B1= 1 7 g/^^ 
^i^LTfoSo rcoH7iB^l 7 giD^i^tCfi. H3/^ 
/1->^1 9 ciRiJ^^bll9>'</^y 1 9 i ^^Ximi Oy</\-y^ 
1 9 j ;i5Jii^tCiB^$Hr:Jo'9 . mi Oy</uzfl 9 j ^ 

ti^tfi^aijcoi^7iB^ 1 7gc75^^tc. mi iy<y\-y i 



9 1 m^mLrhhm9Mim l 7 i <h;6S^i^UTfoSo 
rcD^Sgai^l 7 h:^oJ:U?||9ia^l 7 i -^;rL^C7:> 

y^r^^ b y >^/l^t:'''^/^>^^>' (TMVS) ^-r^o ?5fe 

?^?i^p^v^±tf^o^8ia^ 1 7 hit.. ?5fe?^r^Jf umLffl 

C0B9iaWl 7 i tCM:-<TS<. ^8Sai=l 7 hO^feiQ 

9ifii=i 7 i (D^mtm^rix^^t^^\ *fc. ii7ia^ 

1 7 ^<Dm9y</i^'/ 1 9 i i:ti^x^jIiJ(7:>^feiE^t-. 
tc't^^^n/c^f^t±;^;^^^^9ia^i 7 i t-^gA^ti.-5 

[0 0 3 0] ^fc. 9 a 3 a 

i:COr^^^(D^liai^l 7 a^5>t;i^2iai^l 7 b;i)5^i^U 
Tfc<9. ^2ia^l 7 h\tm2y</vy' 1 9 b^^LT^ 
l-<> b 2 1 tC^^^LTfc^. ^com -O- h 2 1 

y'l 9 c t^4y</uy'l 9 d coPp^co^ 3 IB^ 1 7 
^(^l^4SaWl 7 d;65m^LTfct9. IS4ial=l 7 d 
^6/VUy^"l 9 f ^^Lm2-<> h 2 St^g^g^LTfo 
-5. r(D^2-^>' h 2 5c7:)5fe*^tcm3#M^2 7;5Sia^ 

[0 0 3 1 ] :^_b. m 1 ^-^z^:^' 1 9 a tmt^mm 1 3 a 
<t(orB^(oiiiiai= 1 7 a ^4^^/u:/i 9 d^^hm 
t^mmi 3 3i^^(Dm3Mm^^7^t. ^2. n 

7. m8*Di:t>'||9iaWl 7 b. 17d. 17g. 17 
h:JoJ;t/17 it. m2. me. ^9. miO. mi 1 
^3J:U^mi 2/^yV'::/'l 9 b. I9f. I9i. I9j. 
1 9 k:^oJ:t/l 9 1^. mm^^^^l 5 a MJ±^ 
5 b m-O-h 2 l^oJ;r/M2^^ 
M^2 3, ^2-0 b 2 5:JoJ;rJ^m3#^^2 5 t-C\ 

[0 0 3 2 ] ^j^tc, ^(Dnwj^w^mi o(Dmm^-^^' 

[0 0 3 3 ] ^-f . WM:^^:^W^^^^m l 3 a ^ V£^_btf 
-So mi^</^yi 9 a. ^4/^/^':/l 9 d. H 

9^^/i-y^'i 9 i 7f)^^m^^x^'^:i t^mm-r^o m^. 

mzy^jv-fx 9 c :JoJ:0^m6^^/^y 1 9 f ^r^#. He 

/^/wy 1 9 f ^cs^^^^tlrv^5m2-<>^ b 2 siiyo^s 
^^^^2 7 wm^-^tsm^mw^ 3af^^ 

'^^'h^hm\^<;\^^ \ 9 ^^£f^\^^X. mii^^^i 
1 a ^^3^NM?^2 7 ^^|W]0#^Cffi^/^T. 1 3 



#r?i¥l 0-8 8 3 4 9 



[0 0 3 4] m<6^<)\^-f\ 9 f . ^1 1 

1 2^^/u:/i 9 k joJ:t)^l 9 1 -^Wi^. ^9^^/^y 1 9 
i^5J:I>*l|i O/^yu-yi 9 j ^r?^v^T. i^ff:^f&'t4;^7^;=^ 
#A^1 5 b J: 0 N2 ^^AU. mi^^Ml 3 a {C^L 

[0 0 3 5] % \ \ 9 j ^Wi^Xm \ 1 

^^/U-y 1 9 k:^b^J:0«||l 2/^/Wy^'l 9 1 ^r?l#s 
ItJilrt^ 1 5 a . ^^J£^?§i*y^/;^^A^ l 5 b i 19 . ^ 

9ia^ 1 7 i ^^ruTN2 ^^gA-r-So ^ o ur. us 
lawi 7h^m7iai=i 7 ^siBi^i 7 CCD. 1^4 

^^/U-T^" 1 9 d J: (9 t^#t^^e 1 3 a ^ ^) co^5>^^|^i^ 
M 1 3 a ^rn^mm. 1 3 a ^ m 1 ^^1-^^ 1 9 a ^ (DPpIcD 

Iiisat^i7a. (DWiZ-. :Lfhh^m^mxmfz.'^o ^ 

i-. Ml i^</L-^'i 9 kdsJ:i/mi 2v^/i-->^'i 9 1 
i^. me^<}V^\ 9 f -^m^X. %3m^%2 7 i9i5fe 
^f^M^#m-r6o ::co^#. mi o^'^/^:/! 9 j ^r?^u> 
i^JE:^^+i;^:^^A^l 5 b J: [^0#(:iN2 

^ti^o r 9 UT#t^^i^^l 3 a f^^fC^ 

#Lri/^fc^M (D^.^'^ffo. ^(Dm 

^}^m^m\^'^fziL^±if^<7)^m{^x^ . «^^^i 3 a 

[H(D±n.(D^^^^. X^M^^^^Ji^^h^x^o :itt^X 

[0 0 3 6] m 5 1 9 e . M 9 y</l^y' 1 9 

i ^oJ;t/||6-/^/i-y^'i 9 f ^mi^. m4y</i^:fi 9 d. 

m7y</uyi 9 g. M8^vi-^'i 9 h^m^^x. 

;^f;^^A^2 9 H e ^CO;=F?§tt:^^ H 6 gfil^ 

1 7 f ^^TLTW^i^® 1 3 a jI](c5l|t9iZ^tPo ^l^^^c 
i^:?. JF.5H4r^ (Cu (h f a c) ( tmv s) ) fi. M5 
lai^l 7 e . ^31^1=1 7 c ^^TLT. j^iief:^';^^^!^!^ 

[0 0 3 7] m^. WM^^:^^hl^M^m^l^^Ji\^^%^\: 

^{^m^^7^/uxmt-r^o "to^^k. ^^w^tmhjfz.K 

^^^m^X 1 tC. m^^Wl 3 a m\y<^)\^-zf\ 9 a ^ 

<i:tcj:*9. m3.^-f^^\z.mM.\^fz.mR\^n\^x^m^rx 

[0 0 3 8] r::T\ «^y^^l 3 aF^^(:i*5V^r. {^ 

[0 0 3 9] 1 ) Ml ^^/l^y 19a. H 3 1 9 

c . %9^^^V^\ 9 i . Hi 0>'Vl-y 1 9 j -kf^^. {til 
co/</i-y^P^i:)tm. i^J[E^?^i±>y^^2^A^i 5bJ: 

^7151= 1 7 g^H3Sa^l 7 c(D, M4^VW>^"1 
9 d ct 0 1 3 a ^ <9 (Om^':^^m^^m. 1 3 a 

-^miSai^l 7 a^^fS^^COllltCNz ;*^;=^^i^'9iZ^tfo 




;6>_h#-mt*\ f^JE^f&t^;^;^ (N2 ) (Dy<—iy\cX'0 

[0 0 4 0] 2) (D^m^n^xh^m-^^^^h 

y^'l 9 k:fc^J;t/mi 2y<;\^y \ 9 1 ^r?l#. N2 

1 7 h^mTiaw 1 7 g<D. m \ o/^/^-y 1 9 j ^^^^tt 

9 d J: ^ft^^igg 1 3 a ^ t9 (D^'^-^m^mm. 1 3 a 

->lligai^i 7 a-^^j^;:^! i(D)iit;ii^t9iZitfo N2 (7> 

JdE:^ ^ ± t-f r V ^ t ^ ±i7ti JE^ ff- ^ ^ ^ - U 

mmm^^^mmh^hmim^^^i^:^ (N2 ) (d 

[0 0 4 1 ] ^^^^1 s^ilj^^^i^:^::^ 

tci #t^^i^gi 3 a ^Sft^^-rr ^/^<. rcD#t^^ 

xi^m-f^^Lhi^^x^^^ 

[0 0 4 2] fi:^. r^-efi. ±IEO^^^#3l^^t^^^V^ 

^i/^/u:/'! 9 a ||2^-</^::^'i 9 b ^ 

[0 0 4 3] rcO^B^fi. ^j^(7:)?f^^fcPS^^tL^ 
ti, Jt^J^i: bTCu(hfac) (tmvs) ^fflV\ 

[0 0 4 4] 
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^^Wll'^'P^Si<hi:,^7Lfz.%Mj^^^W\^^^^X. 

:^ ^ ^^fh-f- ^ CO ^ X. T V ^ 5 o 

[0 0 4 5] z.(Dl-z.^^ WM-^^:^Wi^'m.W<^^^^\'f'^ 

[0 0 4 6] ^fc. ^jrJc4^;O^JF^;5Sc^tLXf^^ t9^cO 

^hk^x. m^mm.'^'&m'r^^ht^x^^^ j:ot. p 

[0 0 4 7] U/c;5^or. J^f:|'^:^Mfc:^^fL^-lt^r i: 

mw^n^:it^^^x^^o 
1 0 : n^f^M:mm 

1 1 : ^ft^^ 
11a : ^ 1 ^NM^ 

1 3 : 

13a: WM:ff^^W^mW: 

13b: l^fifr^llJi^^ 

1 5 : 

15a: 

15b: 

17a — 17i 1^1 --H 9 lai^ 
19a~191 :^1 — H 1 2 ^-^/l-:/ 
2 1 : h 
2 3 : m2W^^ 

2 5 : ^2^;/ h 
2 7 : m3^^M3^ 

2 9 : :ffgt4;?/;^^A^ 



(7) 
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[mi] 





'29 



^13 



27 25 I9f 



10 : SifflfiE:^^^ 11 : ^SBm 

13a : ISf4>Jf;=?:«*g^S 13b : Bn^^mBXi 

1 5b : mS.^7^^^:fi^^X^ 1 7a- 

21 23 '.m2m^m 

29 : ^i51i;yxSA^ 



17i : mi ~m9Bat 19a- 191 : m 1 1 
25 :m2^Vh 27 :||3^Si3^ 



